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1
METHOD FOR MANUFACTURING
ELECTRONIC COMPONENT WITH COIL

BACKGROUND

The present invention relates to a method for manufactur-
ing an electronic component that has a coil. Specifically, the
electronic component may be a power supply module or acoil
component, such as an inductor element.

In the field of electronic components, it is well known to
manufacture a coil component having a dust core by a press
machine. According to this method, the press machine
presses a mixture of magnetic power and resin to seal a coil
therewithin. This produces what is commonly referred to as a
sealed coil-type magnetic component. Japanese Patent Pub-
lication Number JP 2007-81306 discloses a sealed coil-type
magnetic component. The sealed coil-type magnetic compo-
nent is configured with an air-core coil and a magnetic body.
The magnetic body is made of a magnetic powder and resin
mixture which seals the air-core coil. After the mixture is put
in a metal mold of a press machine, the air-core coil is placed
on the mixture. Thereafter, additional mixture is added over
the air-core coil until the metal mold is filled. Next, upper and
lower punches of the press machine press the mixture in the
metal mold with a pressure of about 10 ton/cm?.

Unfortunately, because the sealed coil-type magnetic com-
ponent is formed under high pressure, the air-core coil may be
deformed or broken. As such, the manufacturing yield
decreases.

In the field of electronic components, it is also well known
to manufacture a power supply module by injecting a ther-
mosetting or thermoplastic resin. Such a power supply mod-
ule is often configured with passive components such as a
coil, a resistor and a capacitor, and an IC that are assembled on
a circuit board. Japanese Utility Model Publication Number
JPU HO05-38994 discloses a method of manufacturing one
such power supply module. According to the disclosed
method, after an electronic component is assembled on a
metal board, thermoplastic resin is injected on and around the
electronic component. Then, the thermoplastic resin is hard-
ened. However, because the magnetic permeability of the
thermoplastic resin is quite low, an electromagnetic wave
generated at the electric component (i.e., the coil) is trans-
ferred to other areas inside the power supply device but out-
side the power supply module. Therefore, electromagnetic
interference may occur.

SUMMARY

In view of the above, an object of the present invention is to
provide a method for manufacturing an electronic compo-
nent, such as a power supply module, a coil component and an
inductor element, with a high yield in which electromagnetic
interference does not occur.

To address the above problems, a method for manufactur-
ing an electronic component according to an aspect of the
present invention includes placing a T-shaped core and an
air-core coil in a mold, injecting a mixture of a composite
magnetic material and a resin into the mold so that the
T-shaped core and the air-core coil are embedded by the
mixture, heating the mixture at a first temperature, adjusting
an outer shape while removing excessive mixture, and hard-
ening the mixture.

In the method for manufacturing an electronic component
according to another aspect of the present invention, the
method further includes applying a pressure of 0.1 to 20.0
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kg/cm? to the mixture for adjusting an outer shape of the
mixture by a movable punch of a press machine before the
hardening process.

In the method for manufacturing an electronic component
according to another aspect of the present invention, the
method further includes removing excessive mixture from a
top surface of the mixture by a sharp edge of a remover before
the heating is performed.

In the method for manufacturing an electronic component
according to another aspect of the present invention, the sharp
edge ofthe remover slides along the top surface of the mixture
with an angle of'0 to 80 degrees with respect to the top surface
and with applying a pressure of 0.1 to 20.0 kg/cm® to the
mixture.

In the method for manufacturing an electronic component
according to yet another aspect of the present invention, the
injecting process is performed by a dispenser that includes a
discharge opening that discharges the mixture, a material tank
that stores the mixture, a flow passage through which the
mixture flows, a valve that is provided in the flow passage and
controls a flow of the mixture, a valve driving unit that opens
and closes the valve, and a mixer that is provided at a trailing
end of the flow passage and that mixes the mixture, and
supplies the mixture toward the discharge opening.

An effect of the present invention is to provide a method for
manufacturing an electronic component in which electro-
magnetic interference does not occur by using a fairly easy
and simple manufacturing process with a high yield. The
electromagnetic interference against other components
assembled on a printed circuit board on which a coil is
assembled is reduced by a composite magnetic material in a
mixture. In addition, because the fairly easy and simple
manufacturing process can be used, the manufacturing cost
can be significantly reduced. Further, because an electronic
component with a coil is manufactured by injecting a mixture
into a metal mold with a fairly low pressure compared with
the pressure from a conventional press machine, there is a
very low possibility of breaking passive components or a coil
assembled on a printed circuit board (PCB). Thus, deforma-
tion and breakage of a coil can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is aperspective view that shows an inductor element
as an intermediate product in a manufacturing process that is
configured with a T-shaped core and an air-core coil accord-
ing to an embodiment of the present invention.

FIG. 2 is aperspective view that shows an inductor element
as a final product according to an embodiment of the present
invention.

FIG. 3 is amanufacturing flow diagram that shows a manu-
facturing process for making an electronic component
according to an embodiment of the present invention.

FIG. 4 is a schematic view that shows a dispenser that
supplies a mixture into a metal mold to embed an electronic
component according to an embodiment of the present inven-
tion.

FIG. 5 is a schematic view that shows a process for remov-
ing excessive mixture by a sharp edge of a remover according
to an embodiment of the present invention.

FIG. 6 is a schematic view that shows a power supply
module as an intermediate product in a manufacturing pro-
cess that is configured with an inductor (a T-shaped core and
an air-core coil), a printed circuit board (PCB), an integrated
circuit (IC), a resistor, and a capacitor according to an
embodiment of the present invention.



US 9,087,634 B2

3

FIG. 7 is a sectional view that shows a PCB in which a
plurality of power supply modules are formed according to an
embodiment of the present invention.

FIG. 8 is a schematic view of a power supply module as a
final product according to an embodiment of the present
invention.

FIG. 9 is a schematic view that shows an air-core coil that
is formed by a flat rectangular wire according to an embodi-
ment of the present invention.

FIG. 10 is a schematic view that shows an inductor element
as a final product that is configured with the coil shown in
FIG. 9, a T-shaped core and a hardened mixture according to
an embodiment of the present invention.

FIG. 11 is a schematic view of a power supply module
according to yet another embodiment of the present inven-
tion.

DESCRIPTION OF EXEMPLARY
EMBODIMENT

First Embodiment

A method for manufacturing an inductor element is
explained below with reference to the drawings. FIG. 1 is a
perspective view that shows an inductor element 1 as an
intermediate product in a manufacturing process that is con-
figured with a T-shaped core 2 and an air-core coil 3. In FIG.
1, the number of illustrated windings is reduced to ease the
explanation of the winding condition of conducting wire 4.
FIG. 2 is a perspective view that shows the inductor element
1 as a final product. In FIG. 2, the T-shaped core 2 and the
air-core coil 3 are sealed by a mixture 42 of a composite
magnetic material and a resin. A bottom surface of the
T-shaped core 2 is shown in FIG. 2. The T-shaped core 2 is
configured with a cylindrical post-shaped core part 2a pro-
jecting generally perpendicularly from a planar or flat base
part 25 as shown in FIG. 1. Because the cross section of the
T-shaped core 2 isina T shape, it is referred to as the T-shaped
core 2. The size of the inductor element 1 is preferably about
6 mm (width)x9 mm (length)x2.2 mm (height). It is preferred
to use a T-shaped core for an inductor element.

FIG. 3 is a flow diagram that shows a manufacturing pro-
cess for making an electronic component, such as the inductor
element 1 or a power supply module. As shown in FIG. 3, the
manufacturing process is configured with five consecutive
steps. The five steps are as follow: Step 1—preparing the
T-shaped core 2 and the air-core coil 3 (electronic compo-
nents); Step 2—Injecting the mixture into a mold to embed
the T-shaped core 2 and the air-core coil 3 (electronic com-
ponents); Step 3—heating the mixture at a low temperature;
Step 4—adjusting an outer shape while removing excessive
mixture; and Step 5—hardening the mixture. Thereafter, if
desired, a sixth step may be performed: Step 6—polishing an
outside the hardened mixture 42. A detailed manufacturing
method for the inductor element 1 will be explained below.

Preparing T-Shaped Core and Coil Member

First, as shown in Step 1 in FIG. 3, the T-shaped core 2 and
the air-core coil 3 are manufactured separately. An inside
diameter of the air-core coil 3 is slightly larger than an outside
diameter of the core part 2a of the T-shaped core 2.

It is preferred that a material for the T-shaped core 2 has
both magnetic and insulation properties. The T-shaped core 2
is preferably made by mixing a magnetic material and an
insulation material and by compressing the mixed material
with high pressure. Alternatively, the T-shaped core 2 may be
made by injecting the mixed material into a metal mold at a
high speed after the mixed material is in a molten state by
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heat. Further alternatively, the T-shaped core 2 is made by
sintering a ferrite material. The compressing method will be
explained. The magnetic material is preferably metal mag-
netic powder that has Fe as a main composition and other
components, such as Cr, Si and Mn. The insulation material is
preferably a resin, for example epoxy resin, glass material, or
ceramics. A solvent and/or a mold release agent may also be
used. The solvent is preferably one of acetone, toluene, ben-
zene, alcohol or the like. The solvent is evaporated before a
mold process is performed. It is preferred that the T-shaped
core 3 is made of Fe—Si metal materials.

Next, the metal magnetic powder and the epoxy resin are
mixed to form a mixture with a predetermined viscosity. After
the mixture is put into a metal mold, a pressure of 2-20
ton/cm? is applied by upper and lower punches of a press
machine. As a result, the T-shaped core 3 is molded. There-
after, the epoxy resin is heated to harden so that the T-shaped
core 3 is completely formed.

The conducting wire is made by a conducting material,
such as copper, with an insulating layer thereover. A cross
section of the conducting layer 4 can be, for example, a round
shape or a flat rectangular shape. The air-core coil 3 is formed
by winding the conducting wire 4 with 0.5 to several turns. As
discussed above, an inside diameter of the air-core coil 3 is
larger than an outside diameter of the core part 2a of the
T-shaped core 2. Specifically, a difference of the diameters is
larger than a distance of several times a maximum particle in
the mixture. Such a difference of the diameters is desired for
fitting the air-core coil 3 over the core part 2a of the T-shaped
core 2. In addition, the difference of the diameters is desired
for filling the mixture between the core part 2¢ and the air-
core coil 3. If the mixture is not filled between the core part 2a
and the air-core coil 3, cavities may remain in that portion.
The cavities may cause a crack in the mixtures sealed in the
inductor element 1 and may exhibit a poor magnetic property.

The insulating layers at both ends of the end wires of the
conducting wire 4 are removed. When the end wires are
dipped in solder for a short period of time, the insulating layer
at the ends of the wires are melted and removed by the heat of
the solder. At the same time, the solder adheres to the ends of
the wires.

Next, the air-core coil 3 is assembled with the T-shaped
core 2 as shown in FIG. 1. After solder is applied at both ends
of'the end wires of the conducting wire 4, the air-core coil 3 is
placed on an upper surface of the flat base part 256 of the
T-shaped core 2 as shown in FIG. 1. The end wires are bent at
a side of the T-shaped core 2 to extend to a bottom surface of
the flat base part 25 of the T-shaped core 2. After both ends of
the conducting wire 4 are flattened, flattened ends 5 are fixed
on the bottom surface of the T-shaped core 2 as shown in FIG.
2. Note that for the ease of understanding, a width of the
illustrated conducting wire 4 is widened further in FIG. 2 than
in FIG. 1.

Preparing Mixture

It is preferred that a mixture is prepared at nearly the same
time as preparing the T-shaped core 2 and the air-core coil 3.
It is preferred that the mixture is made of magnetic and
insulation materials as the T-shaped core 2. Specifically, the
magnetic material is preferably a Fe—Si alloy. The Fe—Si
alloy generally contains 3-97 wt % of silicon and 3-97 wt %
of Fe. Another metal, such as Cr, can be added. Fe—Si—Cr
alloy is preferred as the metal magnetic material. More pref-
erably, the metal magnetic material is Fe4Si4Cr. The insula-
tion material can be preferably a thermoplastic resin or a
thermosetting resin, for example a silicone resin. Any resin
that has a heat resistance property thatis tolerant of the heat at
the time of assembling and packaging the electronic compo-
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nent may be used. It is preferred that the insulation material is
an epoxy resin. The mixture is formed by mixing the metal
magnetic material and the insulation material. Therefore, the
mixture may be referred to as metal paste. A mixing ratio of
the Fe—Si—Cr alloy and the epoxy resin is between 3 wt
%:97 wt % and 97 wt %:3 wt %. It is preferred that the ratio
of'the Fe—Si—Cr alloy and the epoxy resin is 95 wt %:5 wt
%. If an amount of the Fe—Si—Cr alloy exceeds 97 wt %, the
final material strength is inferior. If an amount of the
Fe—Si—Cr alloy decrease 3 wt %, the magnetic character-
istics is inferior. The viscosity of the mixture is 1,000 to
1,000,000 mPa-s at room temperature, i.e., this is similar to
soldering paste or honey (which should be easy for one skilled
in the art to understand). A solvent can be used to adjust
viscosity.

Injecting Mixture into Mold

FIG. 4 is a schematic view that shows a dispenser 40 that
supplies a mixture 42 into a metal mold 50 to embed an
inductor element. FIG. 5 is a schematic view that shows a
process for removing excessive mixture by a sharp edge 57 of
a remover 56.

The dispenser 40 is configured with a material tank 41, a
mixture 42, a flow passage 43, a valve 44, a valve driving unit
45, a mixer 46, a cylinder 47, a piston 48 and a discharge
opening 49. The mixture 42 that is stored in the material tank
41 flows through the flow passage 43. The valve driving unit
45 controls opening and closing of the valve 44. When the
valve 44 is open, the mixture 42 flows toward the cylinder 47.
When the valve 44 is closed, the mixture cannot flow toward
the cylinder 47. The cylinder 47 has the mixer 46 and the
piston 48 that pushes the mixture 42 in the cylinder 47 toward
the discharge opening 49. The mixer 46 further mixes the
mixture 42 in the cylinder 47. The valve driving unit 45 and
the piston are controlled by a control unit (not shown) to
adjust the amount of mixture discharged into a mold. It is
preferred that an area of the discharge opening 40 is wider
than an opening of a mold to improve productivity.

In FIG. 5, a PCB 64, electrodes 52, an air-core coil 3 (63),
aT-shaped core 2 (64) are placed in a mold 50. Note that if an
inductor element 1 (60), which is configured with the air-core
coil 3 (63) and the T-shaped core 2 (64), is only placed in the
mold 50, the PCB 64 is not required to assemble to the
inductor element 1 (60). Here, the mold 50 can also be made
from plastic with enough strength.

As shown in Step 2 in FIG. 3, after the above components
are placed in the mold 50, the mixture 42 is injected into the
mold 50 from the discharge opening 49 of the dispenser 40
and embeds the above components as shown in FIG. 5. In
other words, the entire space in the mold 50 is filled with the
mixture 42. At this time, the mixture 42 to be injected pref-
erably has a temperature in a range of 20 to 50° C., and more
preferably 25° C. Because the volume of the mixture 42
decreases by later processes, the mixture 42 is injected over
the opening of the mold 50.

In the above discussions, the mixture 42 is stored in the
material tank 41. However, the present invention is not lim-
ited to the above disclosure. The material tank 41 preferably
stores only the metal magnetic material. The epoxy resin may
be added in the cylinder 47 and mixed with the metal mag-
netic material by the mixer 46.

Heating Mixture at Low Temperature

As shown in Step 3 in FIG. 3, while the above components
are placed in the mold 50 as shown in FIG. 5, a low tempera-
ture heating process is performed by a heater. The mold 50
having the above components is transferred from the dis-
penser 40 to a heater (not shown). It is preferred that the low
temperature for this heating process is in a range of 60 to 100°
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C., and more preferably 80° C. It is preferred that the process
time is in a range of 5 to 120 minutes, and more preferably 60
minutes. The solvent in the mixture is evaporated by the low
temperature heating process. The viscosity of the mixture 42
is slightly increased by the low temperature heating process.
However, the mixture 42 is not fully hardened.

Since the solvent in the mixture 42 is evaporated, small
cavities/spaces may be created in the mixture 42. The small
cavities/spaces may cause undesirable influences with
respect to the compactness and outer appearance of the induc-
tor element 1. If a big cavity is created in the mixture 42, the
magnetic flux around the big cavity is disordered. Further,
magnetic saturation tends to occur. These problems can be
solved by a subsequent process that is explained later.

A conveyer furnace or an infrared heater can be used for
performing the above low temperature heating process. A
small heater can be added to the dispenser 40. In this case, it
is preferred to add the small heater close to the discharge
opening 49. The small heater can evaporate the solvent while
a smooth flow of the mixture 42 is maintained prior to the
small heater. Because the small heater can evaporate a part of
the solvent, the processing time for the low temperature heat-
ing process can be shortened. At the same time, productivity
can be improved.

Adjusting Outer Shape while Removing Excessive Mix-
ture

As shown in Step 4 in FIG. 3, an outer shape of the mixture
42 is adjusted. In addition, excessive mixture 42 is removed.
The mold 50 having the above components is transferred
from the heater and processed by the remover 56. The
remover 56 may be referred to as a scraper. As shown in FIG.
5, the sharp edge 57 of the remover 56 is slid from the left
hand side to the right hand side along a solid line while the
above components are still inside the mold 50. The sharp edge
57 of the remover 56 is slid along the top surface of the
mixture with a preferable angle of 0 to 80 degrees with respect
to a top surface of the mold 50. More preferably, the angle is
15 degrees. In this removing process, a pressure of 0.1 to 20.0
kg/cm® may be applied to the mixture to reduce or eliminate
the cavities/spaces that are formed by the low temperature
heating process as discussed above. It is more preferred that
the pressure is in a range of 1 to 10 kg/cm?>.

However, the present invention is not limited to the above
disclosure. The removing process above can be performed
separately from the pressure applying process. Before or after
the removing process for removing excessive mixture 42, a
pressure of 0.1 to 20.0 kg/cm? is applied to the mixture 42 for
adjusting an outer shape of the mixture 42 by a movable
punch of a press machine.

Hardening Mixture

As shown in Step 5 in FIG. 3, the mixture 42 is hardened by
another heater. The mold 50 having the above components is
transferred from the heater for the low temperature heating
process to another heater for a high temperature heating pro-
cess. Alternatively, a two stage heater can be used. The pur-
pose of the high temperature heating process is for hardening
the mixture so that it is in a stable state as a final product. It is
preferred that the high temperature for this heating process is
in a range of 120 to 200° C., and more preferably 150° C. Itis
preferred that the process time is in a range of 10 to 90
minutes, and more preferably 30 minutes. In the high tem-
perature heating process, a state of the mixture 42 is changed
from a half-dried solid state to a solid state. A conveyer
furnace or an infrared heater can be used for performing the
above high temperature heating process.
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Polishing Outside Hardened Mixture

After the hardened mixture 42, i.e., a hardened inductor
element 1, is removed from the mold 50, the hardened induc-
tor element 1 can be placed in, for example, a centrifugal
barrel polishing machine (not shown) to perform a polishing
process. Flashes or burrs that are formed on an outside of the
hardened mixture 42 (inductor element 1) are polished by the
centrifugal barrel polishing machine. In the polishing pro-
cess, lead terminals formed on the outside of the inductor
element 1 are also polished by the centrifugal barrel polishing
machine to improve electrical connectivity.

As discussed above, the manufacturing steps for manufac-
turing an inductor element are reduced so that production
costs can be decreased. In a conventional inductor element
that is manufactured by a high pressure method by using
punches of a press machine, upper and lower punches of the
press machine press the mixture in the metal mold with a
pressure of 3-5 ton/ecm®. An inductor element manufactured
by such high pressure has the following properties: (used
power supply is 1V—20 A); DCR (direct current resistance)
is 2.7 mQ; and CL (W) (copper loss or ohmic loss) is 1.08 W.
On the other hand, the inductor element 1 according to the
present embodiment has the following properties: (used
power supply is 1V—20 A); DCR is 1.8 mQ; and CL (W) is
0.72 W. Therefore, the inductor element 1 according to the
present embodiment has superior properties. The DCR of the
inductor element 1 is 33% smaller than the conventional
inductor element. The CL. (W) is significantly reduced.

Second Embodiment

A method for manufacturing a power supply module is
explained below with reference to the drawings. FIG. 6 is a
schematic view that shows a power supply module 60 as an
intermediate product in a manufacturing process that is con-
figured with an inductor element 61 (a T-shaped core 62 and
an air-core coil 63), a printed circuit board (PCB) 64, an
integrated circuit (IC) 65, a resistor 66, and a capacitor 67.
The inductor element can be made by the same processes for
the inductor element 1 that are shown in FIGS. 1 and 2 as
explained above. Thus, detailed explanations of manufactur-
ing the inductor element 61 are omitted here. After the induc-
tor element 61 is made, the inductor element 61 is assembled
on the PCB 64. At this time, the flattened ends 5 (shown in
FIG. 2) are connected to conducting area (not shown), such as
terminals or electrodes, provided on the PCB 64. The IC 65,
the resistor 66, and the capacitors 67 are assembled on the
PCB 64 to form the power supply module 60. The size of the
power supply module 60 is preferably about 9 mm (width)x
11 mm (length)x2.2 mm (height). It is preferred that a
T-shaped core (as mainly explained in the previous and next
embodiments) and an I-shaped core are used for a power
supply module. An I-shaped core is a cylindrical post-shaped
core or a bar-shaped core. If a planar or flat base part of a
T-shaped core is removed, a remaining cylindrical post-
shaped part can be an I-shaped core. The cross section of an
I-shaped core is generally a circle shape or a polygon shape.

A manufacturing process for the power supply module 60
is the same as the inductor element 1 as explained in FIG. 3.
As shown in FIG. 3, the manufacturing process is configured
with five steps. The five steps are as follow: Step 1—prepar-
ing the T-shaped core 62, the air-core coil 63, the PCB 64, the
IC 65, the resistor 66, and the capacitor 67 (electronic com-
ponents); Step 2—Injecting the mixture into a mold to embed
the T-shaped core 62, the air-core coil 63, the PCB 64, the IC
65, the resistor 66, and the capacitor 67 (electronic compo-
nents); Step 3—heating the mixture at a low temperature;
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Step 4—adjusting an outer shape while removing excessive
mixture; and Step 5—hardening the mixture. Further, if
desired, a sixth step may be performed: Step 6—polishing an
outside the hardened mixture 42. A detailed manufacturing
method for the power supply module 60 will be explained
below.

Preparing Power Supply Module

First, as shown in FIG. 6 and as shown in Step in FIG. 3, the
IC 65 and passive components, such as the resistor 66 and
capacitors 67, are assembled on the PCB 64 so as to electri-
cally connect to each other. If the power supply module 60
(with the PCB 64) is assembled to another bigger assembly
board (not shown), metal terminals and metal pads should be
formed on upper and bottom surfaces of the PCB 64.

It is preferred to form an insulating film (not shown), such
as an insulating resin, on the PCB 64, the IC 65, and passive
components, such as the resistor 66 and the capacitors 67. The
insulating resin is used for the purpose of insulation between
the above components and other parts. The insulating resin is
also used for absorbing an injecting force of a mixture 42 of
a metal magnetic material and a resin in the subsequent pro-
cess after the power supply module 60 is placed in a mold 50.
Therefore, the power supply module 60 is not broken by an
injecting process of the mixture 42. Further, the insulating
resin is used for fixing the T-shaped core 62 to (terminals or
pads of) the PCB 64. When the insulating resin is formed on
the PCB 64 and the above described components, the insu-
lating resin is not formed on predetermined areas. Terminals
or pads of the PCB 64 are located in predetermined areas to
electrically connect to the flattened ends 5, which are formed
on the bottom surface of the T-shaped core 62 (see F1G. 2), of
the air-core coil 62.

As discussed above, the T-shaped core 62 and the air-core
coil 63 are manufactured in the same manner as explained
above. Thus, their manufacturing explanations are omitted
here. After the T-shaped core and the air-core coil 63 are
formed, the T-shaped core 62 and the air-core coil 63 are
assembled on the PCB 64 so as to electrically connect to each
other. At this time, as discussed above, the end wires of the
air-core coil 63 are bent at a side of the T-shaped core 62 to
extend to the bottom surface of the flat base part 25 of the
T-shaped core 62. After both ends of the conducting wire 4 are
flattened, the flattened ends 5 are fixed on the bottom surface
of the T-shaped core 62 as shown in FIG. 2. However, the
present invention is not limited to the above configuration.
The end wires of the air-core coil 63 are bent at a side of the
PCB 64 to extend to a bottom surface of the PCB 64. After
both ends of the conducting wire 4 are flattened, the flattened
ends (similar to the flattened ends 5 shown in FIG. 2) are fixed
to terminals or pads located on the bottom surface of the PCB
64.

FIG. 7 is a sectional view that shows a PCB 74 (64) in
which a plurality of power supply modules are formed. In
FIG. 7, the T-shaped core 62, the air-core coil 63, the IC 65,
the resistor 66, the capacitor 67, and a metal mold 70 (50) are
assembled on the PCB 74 (64). These components are repeat-
edly formed on the PCB 74 (64) as shown in FIG. 7.

Preparing Mixture

It is preferred that a mixture is prepared at nearly the time
as preparing the PCB 64, assembling the IC 65, the resistor
66, the capacitors 67, the T-shaped core 62 and the air-core
coil 63 to the PCB 64. It is preferred that the mixture is made
of both magnetic and insulation materials as the T-shaped
core 2 (62). Specifically, the magnetic material is Fe—Si
alloy. Fe—Si alloy generally contains 3-97 wt % of Si and
3-97 wt % of Fe. Another metal, such as Cr, can be added.
Fe—Si—Cralloy is preferred as the metal magnetic material.
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More preferably, the metal magnetic material is Fe4Si4Cr.
The insulation material is preferably a thermoplastic resin or
a thermosetting resin, for example a silicone resin. Any resin
that has a heat resistance property that tolerates the heat at the
time of assembling and packaging an electronic component
can be used. It is preferred that the insulation material is an
epoxy resin. The mixture is formed by mixing the metal
magnetic material and the insulation material. Therefore, the
mixture may be referred to as metal paste. A mixing ratio of
the Fe—Si—Cr alloy and the epoxy resin is preferably
between 3 wt %:97 wt % and 97 wt %:3 wt %. It is preferred
that the ratio of the Fe—Si—Cralloy and the epoxy resinis 95
wt %:5 wt %. If an amount of the Fe—Si—Cr alloy exceeds
97 wt %, the final material strength is inferior. If an amount of
the Fe—Si—Cr alloy decrease 3 wt %, the magnetic charac-
teristics is inferior. The viscosity of the mixture is about 1,000
to 1,000,000 mPa-s at room temperature. A solvent can be
used to adjust viscosity.

Injecting Mixture into Mold

FIG. 4 is a schematic view that shows a dispenser 40 that
supplies the mixture 42 into the metal mold 50 (70) to embed
the power supply module 60. FIG. 5 is a schematic view that
shows a process for removing excessive mixture by the sharp
edge 57 of the remover 56. The injecting mixture process for
the power supply module 60 is the same as that of the inductor
element 1 as discussed above and therefore a detailed expla-
nation will be omitted here.

The dispenser 40 supplies the mixture to the metal mold 50
(70) shown in FIGS. 5 and 7 to embed the power supply
module 60. The configurations and functions of the dispenser
40 are the same as above. Thus, detailed explanations are
omitted here.

In FIG. 5, the PCB 64, electrodes 52, the air-core coil 3
(63), the T-shaped core 2 (64) are placed in the mold 50 (70).

As shown in Step 2 in FIG. 3, after the above components
are placed in the mold 50 (70), the mixture is injected into the
mold 50 (70) from the discharge opening 49 of the dispenser
40 and embeds the above components as shown in FIG. 5. In
other words, the entire space in the mold 50 (70) is filled with
the mixture 42. At this time, the mixture 42 to be injected has
the following properties. A temperature of the mixture is in a
range of 20 to 50° C., and more preferably 25° C. Because the
volume of the mixture 42 decreases by later processes, the
mixture 42 is injected over the opening of the mold 50 (70).

In the above discussions, the mixture 42 is stored in the
material tank 41. However, the present invention is not lim-
ited to the above disclosure. The material tank 41 preferably
stores only the metal magnetic material. The epoxy resin may
be added in the cylinder 47 and mixed with the metal mag-
netic material by the mixer 46.

Heating Mixture at Low Temperature

As shown in Step 3 in FIG. 3, while the above components
are placed in the mold 50 (70) as shown in FIGS. 5 and 7, a
low temperature heating process is performed by aheater. The
mold 50 (70) having the above components is transferred
from the dispenser 40 to a heater (not shown). It is preferred
that the low temperature for this heating process is in a range
0of'60to 100° C., and more preferably 80° C. It is preferred that
the process time is in a range of 5 to 120 minutes, and more
preferably 60 minutes. The solvent in the mixture is evapo-
rated by the low temperature heating process. The viscosity of
the mixture 42 is slightly increased by the low temperature
heating process. However, the mixture 42 is not fully hard-
ened.

Since the solvent in the mixture 42 is evaporated, small
cavities/spaces may be created in the mixture 42. The small
cavities/spaces may cause undesirable influences with
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respect to the compactness and outer appearance of the induc-
tor element 1. If a big cavity is created in the mixture 42, the
magnetic flux around the big cavity is disordered. Further,
magnetic saturation tends to occur. These problems can be
solved by a subsequent process that is explained below.

A conveyer furnace or an infrared heater can be used for
performing the above low temperature heating process. A
small heater can be added to the dispenser 40. In this case, it
is preferred to add the small heater close to the discharge
opening 49. The small heater can evaporate the solvent while
a smooth flow of the mixture 42 is maintained prior to the
small heater. Because the small heater can evaporate a part of
the solvent, the processing time for the low temperature heat-
ing process can be shortened. Further, productivity is
improved.

Adjusting Outer Shape while Removing Excessive Mix-
ture

As shown in Step 4 in FIG. 3, an outer shape of the mixture
42 is adjusted. In addition, excessive mixture 42 is removed.
The mold 50 (70) having the above components is processed
by the remover 56. The remover 56 may be referred to as a
scraper. As shown in FIG. 5, the sharp edge 57 of the remover
56 is slid from the left hand side to the right hand side along
a solid line while the above components are still inside the
mold 50 (70). The sharp edge 57 of the remover 56 is slid
along the top surface of the mixture with a preferred angle of
0 to 80 degrees with respect to a top surface of the mold 50.
Further preferably, the angle is between 0 to 20 degrees. More
preferably, the angle is 15 degrees. In this removing process,
apressure of 0.1 to 20.0 kg/cm? may be applied to the mixture
to reduce or eliminate the cavities/spaces that are formed by
the low temperature heating process as discussed above. It is
more preferred that the pressure is in a range of 1 to 10
kg/cm?.

However, the present invention is not limited to the above
disclosure. The removing process above can be performed
separately from the pressure applying process. Before or after
the removing process for removing the excessive mixture 42,
apressure of 0.1 to 20.0 kg/cm® may be applied to the mixture
42 for adjusting an outer shape of the mixture 42 by a movable
punch of a press machine.

Hardening Mixture

As shown in Step 5 in FIG. 3, the mixture 42 is hardened by
another heater. The mold 50 (70) having the above compo-
nents is transferred from the heater for the low temperature
heating process to another heater for a high temperature heat-
ing process. Alternatively, a two stage heater may be used.
The purpose of the high temperature heating process is for
hardening the mixture 42 to have a stable state as a final
product. It is preferred that the high temperature for this
heating process is in a range of 120 to 200° C., and more
preferably 150° C. It is preferred that the process time is in a
range of 10 to 90 minutes, and more preferably 30 minutes. In
the high temperature heating process, a state of the mixture 42
is changed from a half-dried solid state to a solid state. A
conveyer furnace or an infrared heater can be used for per-
forming the above high temperature heating process.

Polishing Outside Hardened Mixture

After a hardened mixture 42, i.e., a hardened power supply
module 60, is removed from the mold 50 (70), the hardened
power supply module 60 is placed in, for example, a centrifu-
gal barrel polishing machine (not shown) to perform a pol-
ishing process. Flashes or burrs that are formed on the outside
of the hardened mixture 42 (power supply module 60) are
polished by the centrifugal barrel polishing machine. In the
polishing process, lead terminals formed on the outside of the
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power supply module 60 are also polished by the centrifugal
barrel polishing machine to improve electrical connectivity.

FIG. 8 is a schematic view of the power supply module 60
as a final product. In FIG. 8, the power supply module 60 has
the PCB 64 and the hardened mixture 42. The T-shaped core
62, the air-core coil 63, the IC 65, the resistor 66 and the
capacitors 67 are embedded in the hardened mixture 42. In
other words, areas around the T-shaped core 62, the air-core
coil 63, the IC 65, the resistor 66 and the capacitors 67 are
filled by the hardened mixture 42.

Third Embodiment

FIG. 9 is a schematic view that shows an air-core coil 93
that is formed by a flat rectangular wire 94. FIG. 10 is a
schematic view that shows an inductor element 101 as a final
product that is configured with the air-core coil 93 shown in
FIG. 9, a T-shaped core 102 and a hardened mixture 142.

As shown in FIGS. 9 and 10, end wires 95 of the flat
rectangular wire 94 are bent at one side of the T-shaped core
102 to extend through a bottom surface of the T-shaped core
102 to the other side of the T-shaped core 102. The end wires
95 of the flat rectangular wire are bent at the other side of the
T-shaped core 102 and stop at the other side.

The inductor element 101 is manufactured in the same
manner as discussed above. Then, after the T-shaped core 102
and the air-core coil 93 are embedded by a mixture 142 ofthe
composite magnetic material (e.g., a Fe—Si—Cr alloy) and
an epoxy resin, the appropriate processes as discussed above
are performed. As a result, the inductor element 101 as shown
in FIG. 10 is completed. In FIG. 10, the mixture 142 is the
hardened mixture.

Fourth Embodiment

FIG. 11 is a schematic view of a power supply module 111
according to a fourth embodiment of the present invention.
The power supply module 111 is configured with an inductor
element 110 including a T-shaped core 112 and an air-core
coil 113, a mixture 142, a PCB 164, an IC 165, a resistor 166,
capacitors 167, and a resin 145.

A difference from the previous embodiment is that two
types of mixtures are used for the power supply module 111
shown in FIG. 11. Specifically, the mixture 142 is used for the
inductor element 110 having the T-shaped core 112 and the
air-core coil 113. The mixture is configured with the same
material of the mixture 42 and is made by the same process as
the mixture by using the dispenser 40 and other manufactur-
ing equipment as discussed in the previous embodiments.
Thus, detailed explanations are omitted here. Alternatively, a
weight percent of a metal magnetic material can be increased
for the mixture 142 because the higher magnetic mixture 142
is not placed around the IC 165 and passive components (the
resistor 166 and the capacitors 167). In other words, because
the IC 165 and the passive components 166, 167 are not
influenced by magnetic flux from nearby magnetic materials,
they function properly as designed.

The resin 145 is an insulating material made by a kind of
resin or a mixture of several kinds of resin. In this embodi-
ment, the resin 145 is made by an insulation resin by using a
similar method as the mixture discussed above without
including a metal magnetic material in the processes.

According to the fourth embodiment, a fairly large induc-
tance can be generated in the inductor element 111 because
the higher magnetic concentration mixture 142 can be used
for embedding the inductor element 111 without undesirably
influencing other components 165-167.

10

25

35

40

45

12

In the fourth embodiment, the mixture 142 for the inductor
element 110 and the resin 145 for the IC 165, the resistor 166
and the capacitors 167 are used in different locations on the
PCB 164. However, the following modification may be used.
A mixture that is made of a metal magnetic material (e.g., a
Fe—Si—Cr alloy) and an epoxy resin is injected on an entire
area of a PCB within a mold. However, the mixture is not fully
filled inside the mold. The mixture is filled until the mixture
reaches about half the height of the mold. Thereafter, a resin
of an insulating material is injected on the mixture until the
resin is fully filled inside the mold. In other words, the mix-
ture and the resin are stacked over an inductor element, an IC
and passive components in this order. In this case, the mixture
should be injected at least to cover a coil member of the
inductor element to enhance an inductance property of the
inductor element.

In the second and fourth embodiments discussed above, the
T-shaped core 62 (112) is used. However, the second and
fourth embodiments are not limited to this configuration. An
I-shaped core can be used for the inductor element 61 shown
in FIGS. 5-8 in the above embodiments. An I-shaped core is
a cylindrical post-shaped core or a bar-shaped core.

Methods for manufacturing an electronic component that
has a coil, such as the inductor element and power supply
module, being thus described, it will be apparent that the same
may be varied in many ways. Such variations are not to be
regarded as a departure from the spirit and scope of the
invention, and all such modifications as would be apparent to
one of ordinary skill in the art are intended to be included
within the scope of the following claims.

What is claimed is:

1. A method for manufacturing an electronic component
comprising:

placing a T-shaped core and an air-core coil in a mold;

injecting a mixture of a composite magnetic material and a

resin into the mold so that the T-shaped core and the
air-core coil are embedded by the mixture;

heating the mixture at a first temperature;

after the heating the mixture at the first temperature, press-

ing and flattening a to surface of the mixture in the mold
while removing excessive mixture; and

after the pressing and flattening the to surface of the mix-

ture, hardening the mixture at a second temperature that
is higher than the first temperature.

2. The method for manufacturing an electronic component
according to claim 1, wherein

the first temperature is in a range of 60 to 100° C., and

the heating is performed for 5 to 120 minutes.

3. The method for manufacturing an electronic component
according to claim 1, wherein

the hardening is performed by heating the mixture at the

second temperature in a range of 120to 200° C. for 10to
90 minutes.

4. The method for manufacturing an electronic component
according to claim 1 further comprising:

winding a round wire to form the air-core coil; and

flattening both ends of the wire.

5. The method for manufacturing an electronic component
according to claim 1 further comprising:

winding a flat rectangular wire to form the air-core coil,

wherein

an inside diameter of the air-core coil is larger than an

outside diameter of a core part of the T-shaped core.

6. The method for manufacturing an electronic component
according to claim 1 further comprising:

applying solder at both ends of end wires of the air-core

coil;
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placing the air-core coil on a first surface of the T shaped
core;
bending the end wires at a side of the T-shaped core; and
fixing both ends to a second surface of the T-shaped core
opposite the first surface.
7. The method for manufacturing an electronic component
according to claim 1 further comprising:
applying a pressure of 0.1 to 20.0 kg/cm? to the mixture in
the pressing and flattening the to surface of the mixture
by a movable punch of a press machine before the hard-
ening.
8. The method for manufacturing an electronic component
according to claim 1, wherein
the injecting is performed by a dispenser that includes:
a discharge opening that discharges the mixture;
a material tank that stores the mixture;
a flow passage in which the mixture flows;
a valve that is provided in the flow passage and controls
a flow of the mixture;
a valve driving unit that opens and closes the valve; and
a mixer that is provided at a trailing end of the flow
passage and that mixes the mixture, and that supplies
the mixture toward the discharge opening.
9. The method for manufacturing an electronic component
according to claim 1, wherein
the pressing and flattening is performed by a sharp edge of
a remover before the heating is performed.
10. The method for manufacturing an electronic compo-
nent according to claim 9 further comprising:
applying a pressure of 0.1 to 20.0 kg/cm? to the mixture in
the pressing and flattening the to surface of the mixture
by a movable punch of a press machine before the hard-
ening.
11. The method for manufacturing an electronic compo-
nent according to claim 9 wherein
the sharp edge of the remover slides along the top surface
of'the mixture at an angle of 0 to 80 degrees with respect
to a surface of the mold and a pressure of 0.1 to 20.0
kg/cm? is applied to the mixture.
12. A method for manufacturing an electronic component
comprising:
placing an air-core coil wrapped core in a mold;
embedding the air-core wrapped core in a mixture of a
composite magnetic material and a resin in the mold;
heating the mixture at a first temperature;
after the heating the mixture at the first temperature, press-
ing and flattening a to surface of the mixture in the mold
while removing excessive mixture; and
after the pressing and flattening the to surface of the mix-
ture, hardening the mixture at a second temperature that
is higher than the first temperature.
13. The method for manufacturing an electronic compo-
nent according to claim 12, wherein
the first temperature is in a range of 60 to 100° C., and
the heating is performed for 5 to 120 minutes.
14. The method for manufacturing an electronic compo-
nent according to claim 13, wherein
the hardening is performed by heating the mixture at the
second temperature in a range of 12010 200° C. for 10 to
90 minutes.
15. The method for manufacturing an electronic compo-
nent according to claim 12 further comprising:
applying a pressure of 0.1 to 20.0 kg/cm? to the mixture in
the pressing and flattening the to surface of the mixture
before the hardening.
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16. The method for manufacturing an electronic compo-
nent according to claim 12 further comprising:
polished an outside of the hardened mixture.
17. The method for manufacturing an electronic compo-
nent according to claim 16, wherein
in the pressing and flattening, a remover slides along the
top surface of the mixture at an angle of 0 to 80 degrees
with respect to a surface of the mold and a pressure of 0.1
to 20.0 kg/cm? is applied to the mixture.
18. A method for manufacturing an electronic component
comprising:
manufacturing a T-shaped core and an air-core coil sepa-
rately;
assembling the air-core coil with the T-shaped core;
placing the T-shaped core and the air-core coil in a mold;
and
injecting a mixture of a composite magnetic material and a
resin into the mold so that the T-shaped core and the
air-core coil are embedded by the mixture, wherein
the assembling the air-core coil with the T-shaped core
includes:
placing the air-core coil on a first surface of the T-shaped
core;
bending end wires of the air-core coil at a side of the
T-shaped core; and
fixing both ends of the end wires to a second surface,
which is opposite to the first surface, of the T-shaped
core.
19. The method for manufacturing an electronic compo-
nent according to claim 18, wherein
the assembling the air-core coil with the T-shaped core
includes:
applying solder at the both ends of the end wires of the
air-core coil.
20. The method for manufacturing an electronic compo-
nent according to claim 18 further comprising:
winding a round wire to form the air-core coil; and
flattening the both ends of the round wire.
21. The method for manufacturing an electronic compo-
nent according to claim 18 further comprising:
winding a flat rectangular wire to form the air-core coil,
wherein
an inside diameter of the air-core coil is larger than an
outside diameter of a core part of the T-shaped core.
22. A method for manufacturing an electronic component
comprising:
manufacturing a T-shaped core and an air-core coil sepa-
rately;
assembling the air-core coil with the T-shaped core;
placing the T-shaped core and the air-core coil in a mold;
and
injecting a mixture of a composite magnetic material and a
resin into the mold so that the T-shaped core and the
air-core coil are embedded by the mixture, wherein
the assembling the air-core coil with the T-shaped core
includes:
placing the air-core coil on a first surface of the T-shaped
core;
bending end wires of the air-core coil at a first side of the
T-shaped core;
extending the end wires of the air-core coil through a
second surface, which is opposite to the first surface,
of the T-shaped core; and
bending the end wires at a second side, which is opposite
to the first side, of the T-shaped core.
23. The method for manufacturing an electronic compo-
nent according to claim 22, wherein
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the assembling the air-core coil with the T-shaped core
includes:
applying solder at both ends of the end wires of the
air-core coil.
24. The method for manufacturing an electronic compo-
nent according to claim 22 further comprising:
winding a flat rectangular wire to form the air-core coil,
wherein
an inside diameter of the air-core coil is larger than an
outside diameter of a core part of the T-shaped core.
25. The method for manufacturing an electronic compo-
nent according to claim 22 further comprising:
heating the mixture at a first temperature after injecting the
mixture into the mold;
after heating the mixture at the first temperature, pressing
and flattening a top surface of the mixture in the mold
while removing excessive mixture; and

16

after the pressing and flattening the top surface of the
mixture, hardening the mixture at a second temperature
that is higher than the first temperature.

26. The method for manufacturing an electronic compo-

5 nent according to claim 25, wherein

the first temperature is in a range of 60 to 100° C., and
the heating is performed for 5 to 120 minutes.
27. The method for manufacturing an electronic compo-
nent according to claim 25, wherein
the hardening is performed by heating the mixture at the
second temperature in a range of 120to 200° C. for 10to
90 minutes.
28. The method for manufacturing an electronic compo-
nent according to claim 25 further comprising:
applying a pressure of 0.1 to 20.0 kg/cm?2 to the mixture in
the pressing and flattening the top surface of the mixture
by a movable punch of a press machine before the hard-
ening.
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